In-medium properties of the low-lying baryons are studied in the quark-meson coupling (QMC) model, focusing on the Σ b and Ξ b baryons. It is predicted that the Lorentz-scalar effective mass of Σ b becomes smaller than that of Ξ b at moderate nuclear matter density, and as the density increases, namely, m
Introduction
Studies of in-medium baryon properties, especially for the baryons which contain charm and/or bottom quarks, are very interesting, due to the emergence of heavy-quark symmetry. In particular, in-medium properties of heavy baryons which contain at least one light u or d quark, can provide us with important information on the dynamical chiral symmetry, and the roles of light quarks in partial restoration of chiral symmetry. To study the in-medium properties of heavy baryons, we use the quark-meson coupling (QMC) model [1] , a quark-based model of nuclear matter, finite nuclei, and hadron properties in a nuclear medium [2, 3] . This report is based on the recent article [4] . (See Refs. [1] [2] [3] for details on the QMC model, and its successful applications.)
Finite (hyper)nucleus in the QMC model
Before discussing the in-medium baryon properties, we start with the case of finite (hyper)nucleus. Using the Born-Oppenheimer approximation, a relativistic Lagrangian density which gives the same mean-field equations of motion for a nucleus or a hypernucleus at the hadron level, may be given by the QMC model [4, 5] :
In the above ψ N ( r) and ψ Y ( r) are, respectively, the nucleon (N) and hyperon (Y) fields. The meanmeson fields represented by, σ, ω and b which directly couple to the light quarks self-consistently, are the Lorentz-scalar-isoscalar, Lorentz-vector-isoscalar and third component of Lorentz-vectorisovector fields, respectively, while A is the Coulomb field.
In an approximation that the σ-, ω-and ρ-mean fields couple only to the u and d light quarks, the coupling constants for the hyperon appearing in Eq. (3) are obtained/identified as g Y ω = (n q /3)g ω , and
with n q being the total number of valence light quarks in the hyperon Y, where g ω and g ρ are the ω-N and ρ-N coupling constants. I Y 3 and Q Y are the third component of the hyperon isospin operator and its electric charge in units of the proton charge, e, respectively. The approximation used in the QMC model, that the meson fields couple only to the light quarks, reflects the fact that the magnitudes of the light-quark condensates decrease faster than those of the strange and heavier quarks as the nuclear density increases. This is associated with partial restoration of chiral symmetry in a nuclear medium (dynamically symmetry breaking and its partial restoration).
The
where m N (m Y ) is the free nucleon (hyperon) mass. The σ-dependence of these coupling strengths must be calculated self-consistently within the quark model [1, 2] .
Baryon properties in symmetric nuclear matter
We consider the rest frame of symmetric nuclear matter, a spin and isospin saturated system with only strong interaction (Coulomb force is dropped) based on Eq. (1). Within the Hartree mean-field approximation, the nuclear (baryon) ρ B , and scalar ρ s densities are, respectively, given by,
Here, m * N (σ) is the value (constant) of the Lorentz-scalar effective nucleon mass at a given nuclear density, and k F the Fermi momentum.
The Dirac equations in the standard QMC model (modeled by the MIT bag) for the quarks and antiquarks in nuclear matter, in a bag of a hadron, h (q = u or d and Q = s, c or b hereafter) neglecting the Coulomb force, are given by [x = (t, x) and for | x| ≤ bag radius] [2] ,
where, the (constant) mean fields for a bag are defined by V 
where
, and x q,Q are the lowest mode bag eigenvalues.
In Table I we present the model inputs in vacuum, the quantities calculated in vacuum and at normal nuclear matter density, ρ 0 = 0.15 fm −3 . , q 2 , q 3 ) with the corresponding valence quarks q 1 , q 2 , q 3 in the baryon B, where z B 's are kept the same as those in vacuum, i.e., density independent. Free space mass values m B for the heavy baryons from Ref. [6] , those for the strange hyperons from Ref. [2] , and the nucleon bag radius R N = 0.8 fm (and m q = 5 MeV), are inputs. The light quarks are indicated by q = u or d. Note that the baryons containing at least one light quark q are modified in the medium in the QMC model, but Ω, Ω c , and Ω b are not modified in the QMC model. We recall that some inputs are updated from those in Refs. [2, 3] based on the data [6] . For the recent data for Σ b , see Ref. [7] , which gives the averaged mass of m Σ b = 5813.1 MeV, to be consistent with the value extracted from Ref. [6] . The entry with "NA" stands for "not applicable". We focus on the in-medium properties of Σ b and Ξ b baryons. In Fig. 1 we show the Lorentz-scalar effective masses, and excitation energies (Lorentz-scalar effective masses plus vector potentials) for two cases of vector potentials. Table I ). This is one of the highlighted predictions in the present study.
Next, we discuss the excitation energy, which is the sum of the Lorentz-scalar effective masses plus Lorentz-vector potential. The left (right) panel is the case with (without) the phenomenologically introduced Pauli (vector) potentials based on the Pauli Principle at the quark level [5] . In the results shown in Fig. 1 , the realistic case should be without the Pauli potentials (right panel) for the present case of bottom baryons. Interestingly, for the realistic case without the Pauli potentials, the excitation energies for Σ b and Ξ b are nearly degenerate in the nuclear matter density range 0.5ρ 0 < ρ B < 1.5ρ 0 . Namely, Σ b and Ξ b can be produced at rest with nearly the same cost of energy. This may imply the emergence of many interesting phenomena, for example, in heavy ion collisions and reactions in the systems of dense nuclear medium, such as in the deep core of a neutron (compact) star.
The results shown in Fig. 1 also suggest that the two different types of the vector potentials can possibly be distinguished, and give important information on the dynamical symmetry breaking and partial restoration of chiral symmetry. For proving these suggestions, one needs to seek what kind of experiments can be made to get a clue. It might be very interesting to measure the valence quark (parton) distributions of Σ b and Ξ b in medium, since the supports of the parton distributions of these baryons reflect their excitation energies. Another possibility may be to measure the strangenesschanging semileptonic weak decay of Ξ b → Σ b in a medium, which reflects their excitation energy difference in a medium.
Summary and conclusion
We predict that the Lorentz-scalar effective mass of Σ b becomes smaller than that of Ξ b in the nuclear matter density range larger than ≃ 0.3ρ 0 (ρ 0 = 0.15 fm −3 ), while in vacuum the mass of Σ b is larger than that of Ξ b .
We have also studied the effects of two different repulsive Lorentz-vector potentials on the excitation energies of Σ b and Ξ b baryons. In the case without the phenomenologically introduced Pauli potentials, which is expected to be more realistic, the excitation energies for Σ b and Ξ b are predicted to be nearly degenerate in the nuclear matter density range about [0.3ρ 0 , 1.5ρ 0 ]. Thus, the production of Σ b and Ξ b cost nearly the same energy at rest in this density range.
To make possible connections of the findings for the Lorentz-scalar effective masses and/or excitation energies of Σ b and Ξ b baryons with experimental observables, one needs to seek relevant experimental methods and situations. It might be very interesting to measure the valence quark (parton) distributions of Σ b and Ξ b in medium, since the supports of the parton distributions of these baryons reflect their excitation energies. Another possibility may be to measure the strangeness-changing semileptonic weak decay of Ξ b → Σ b in a medium, which reflects their excitation energy difference in a medium.
To conclude, studies of the Σ b and Ξ b properties in a nuclear medium, can provide us with very interesting and important information on the dynamical symmetry and partial restoration of chiral symmetry, as well as the roles of the light quarks in a medium.
